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摘 要: 以泡沫镍为催化剂,在 600 和 700 下, 以 CVD 法热解乙炔气体制备大量的纳米碳纤维. 随着制备温





关键词: 碳纤维; 化学气相沉积; 锂离子电池; 负极材料
中图分类号: O643. 35 文献标识码: A
Preparation and Electrochemical Lithium Intercalation
Performance of Segmented Carbon Nanofibers*
Wu Guotaoa, d, Wang M iaoa** , L i Zhenhuab, Chen Weix iangc ,
Xu Zhudec, L i Wenzhua , Chen Maohuic, You Jinkuad, L in Zugengd
( a. Depar tment of Physic, b. D epar tment of Mechanics , c. D epar tment of Chemistry , Zhej iang University , H angzhou 310027;
d . Depar tment of Chemistr y , Xiamen Univer sity , Xiamen 361005)
Abstract Segmented carbon nanof ibers w ere prepared by pyrolysis of acetylene on foam Ni at 600 and 700 in
a f ix ed bed f low ed-reactor. The morphology, microstructure and lithium insertion propert ies of these carbon
nanofibers were invest ig ated by TEM, XRD, Raman and elect rochem ical methods. Through TEM observa-
t ions, it w as found that this kind of carbon nanof ibers w as composed of lens- like segments with nearly equal sep-
arat ion stacking along the nanofiber axis. When the reaction temperature w as 600 , segmented carbon
nanofibers were the major product ion. How ever, w hen the reaction temperature increased to 700 , the con-
tent of segmented carbon filaments decreased and their diameter became smaller. The crystallite size d 002 and L c
were determined by the 002 carbon Bragg peak of XRD pat terns using the Bragg and Scherrer formulas. T he in-
tensity ratios of the 1350 cm- 1 line and the 1580 cm - 1 line ( R = I D/ I G ) w as used to evaluate the L a value,
w hich w as inversely proportional to the ef fective crystallite size in the direct ion of the graphite plane ( L a ) . With
the reaction temperature increased, the d 002 value decreased, L a and L c values increased, w hich indicated the
degree of crystallinity increased. Segmented carbon nanof ibers were used as posit ive electrodes of C/ L i cells. T he
first charge capacit ies of C/ L i cells w ere 480 and 300 mAh/ g for samples produced at 600 and 700 , respect ive-
ly. The samples at 600 show ed capacit ies higher than the theoret ical value of graphite, which w as at tributed
to accommodat ion of more lithium at the edge of graphene layers and on the surface of g raphene layers according
to the mechanisms of lithium insert ion in carbons prepared by low-temperature pyrolysis of hydrocarbons. As
conf irmed by the XRD and Raman spectra, the samples at 700 had larger L a and L c , w hich led to the capac-i
ty decreasing.










剂载体[ 2] .纳米碳纤维还具有较高的导电性, 可望
用于锂离子二次电池阳极材料、双电层电容器电极














气氛下升温, 至反应温度稳定 10 m in, 将一定量的
C2H 2和 H2 预混合, 经过恒温区反应 5 到 15 min
后,在 H 2 气氛中冷却, 室温下收集样品. 反应产物
在 JEOLJEM-100CX 型电子透射显微镜上进行
T EM 观测.
2. 2 X射线衍射和 Raman 表征
反应产物在 RigakuD/ Max-C型 X射线衍射仪
上进行 XRD测试, CuK ( = 0. 15406 nm )为辐射
源,扫描速度 8
o
/ min.用 LABRAM 激光拉曼共焦显
微拉曼谱仪(法国 Dilor SA)对碳纳米管进行了拉曼
散射研究, 所用激光为氩离子激光器产生的波长为
514. 5 nm的激光,功率为 30 mW.
2. 3 电化学性能测试
按比例称量好电极材料(活性物质为 85% , 粘
结剂 PTFE为 10%, 乙炔黑为 5% ) , 用玻璃棒擀成
薄片,在 10 MPa的压力下把薄片压在镍网上, 在
120 下真空干燥 12 h 以上. 在 Mbraune100G型氩
气保护的手套箱内(水份含量小于 5 10- 6) , 金属
锂为对电极和参比电极, 1 mol/ L LiPF 6 的碳酸乙
烯酯/碳酸二乙酯(体积比 1 1)溶液为电解液,组成
模拟电池. 恒电流充放电实验是在计算机控制的
Arbin BT-2043测试仪上进行, 充放电范围 0. 005~
3. 000 V,电流密度为 40 mA/ g .
3 结果与讨论
700 下 C2H2和 H2 气体( C2H2H2= 1 25的体




竹节状的纤维存在. 在 600 下其它条件相同时生
成的碳纤维几乎全是纤维状的(不少于 90% ) ,而且
竹节状纤维占 90%以上,见图 1.
由图 2中 600和 700 的碳纤维的 002 衍射峰
的峰位置和半峰宽可知,随制备温度增加,碳纤维的
d 002值减小,微晶片层平面 L c 值增大,说明碳纳米
管中微晶排列的有序度增加. 600和 700 的碳纤维
Raman光谱中, 1330和 1580 cm- 1两个峰强度比 R
随制备温度增加而减小, 反映了微晶 L a 值增大
[ 5]
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( 600 样品)减小到300 mAh/ g ( 700 样品) .同时,
锂离子在碳纤维中的可逆脱出的电位也不尽相同.
600 样品的充放电曲线显示出有电位滞后现象,
有部分锂在低电位下嵌入, 而脱出则在 1 V以上.
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图 1 碳纤维的 TEM 图
Fig. 1 TEM images of carbon nanofibers
图 2 碳纤维的 XRD 图
Fig. 2 XRD pat terns of carbon nanof ibers
图 3 碳纤维的RAMAN 图
Fig. 3 Raman Spectra of nanofibers
图 4 碳纤维的充放电曲线图
a为 700 样品, b为 600 样品.
Fig. 4 The f irst discharge and subsequent charge/ discharge
of carbon nanof ibers
a. Sample at 700 , b. Sample at 600 .
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表 1 碳纳米纤维 XRD和 RAMAN 数据表
T able 1 XRD and Raman data for carbon nanof ibers
XRD Raman w ave number / cm- 1 R R
d 002/ nm L c / nm D line G line D line I D/ I G I D / I G
CNF 600 0. 3536 1. 95 1322. 6 1574. 4 1601. 3 2. 05 0. 88
CNF 700 0. 3405 4. 88 1326. 1 1574. 6 1604. 5 1. 56 0. 54





来了额外的容量[ 6] . 此外, 与其它锂离子电池碳负
极材料如石墨相比, 纳米碳纤维比表面积非常大, 充
放电过程中还存在明显的双电层电容效应, 对提高
电化学容量有一定的作用[ 7] . 随制备温度降低, 拉






较快,随后保持稳定,经过 20次充放电, 600 样品
容量下降到其初始容量的 55. 6%, 700 样品容量
Cycling number/ n
图 5 碳纤维的充放电循环性能
( Cn 充放电循环 n次的充电容量)
Fig. 5 Cycling Performance of carbon nanofibers
( Cn charge capacity of n cycles)





以泡沫镍为催化剂,在 600和 700 下,以 CVD
法热解乙炔气体制备大量的纳米碳纤维. 随着制备
温度增加,纳米碳纤维直径变小; 竹节状含量减少;
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